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GOALSAND OBJECTIVES

We can learn much from the many examples of sophisticated acoustic systems where evolution has
shaped the biological sensory system to achieve performance in excess of that obtainable by
conventional signal processing. It isover 2 years since our previous conference on this theme, and a
review of new developmentsin the field was becoming overdue.

The purpose of this conference was to review the present state of this continually evolving subject and
to report on new developments and future trends. Particular themes of the conference included, but
were not restricted to

»  Sound production and reception mechanisms in marine organisms

* Impacts of underwater sound - environmental assessment

» Data capture systems for the localisation and classification of natural underwater sound sources
» Performance evaluation of biological sonars

» Classification and analysis techniques for bioacoustic signals

* Problems and mitigation of shipstrike - collisions between marine animals and ships and boats

EXECUTIVE SUMMARY OF SCIENTIFIC/ TECHNICAL RESULTS
1 Environmental I mpacts of Man-M ade Sound

The conference opened with a Keynote paper by Tony Heathershaw from the Southampton
Oceanography Centre on the environmental impact of underwater sound. Thisis an areathat is growing
in importance as more and more nations introduce legislation relating to noise generating activitiesin
their waters. The paper described a method for assessing acoustic impacts that brings together the
frequency, intensity and time domain aspects of the problem. It was clear, however, that most of the
parameters required by the model are unknown in many cases of interest, so values based on
experience and guesswork have to be used. An especially problematic areais the sensitivity of hearing
of fish and marine mammals. Obviously there is much research still needed before legislation can
seriously claim effective management of acoustic impacts in the marine environment.


http://sonar-fs.lboro.ac.uk/uag/ioa/

The following session continued the theme, and was about auditory sensitivity and sound production in
fish. Although the main topic was clearly of significance to the question of environmental impact,
some of the secondary topics such as the signal processing used were also interesting. In particular, the
paper by Tony Hawkins of the FRS Marine Laboratory, Aberdeen, described how wavelet analysis
applied to recordings of sounds generated by fish in the sea was not only capable of discriminating
between different species, but between individuals of the same species, even in a noisy environment
with many signals overlapping.
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Fig. 1  Audiogram of fathead minnow showing threshold shift
due to boat noise exposure (from Scholik et al, 'Effects of
Underwater Noise on Auditory Sensitivity of Fish').

The other major contributor on the environmental impact topic was the second invited speaker, Bob
Gisiner of ONR. Later on in the first day he described ONR's Effects of Sound on the Marine
Environment (ESME) programme. This had much in common with the work described by Tony
Heathershaw, and the declared target is afusion of state-of-the-art databases and modelling agorithms
that will give a quantitative estimate of the number of marine animals that might be killed or injured or
exhibit adverse behavioura response, and the number of animals that might be unaffected by agiven
sound source. ESME could then be used to explore the benefits of operating the sound sourcein
different locations, altering the operating properties of the source, or employing other impact mitigating
actions.

Also related to the environmental theme was the AB Wood Medal Lecture. This medal is presented
annually by the Institute of Acoustics and the Acoustical Society of Americafor significant
contributions to the science of underwater acoustics. On this occasion it went to John Colosi of the
Woods Hole Oceanographic Institution, principally for his work on the Acoustic Thermometry of
Ocean Climate (ATOC) programme.



The ATOC programme is of interest from two points of view, apart from its principle purpose of
monitoring the effects of global warming. Firstly, it has clearly demonstrated that by appropriate
choices of signal types and processing techniques, sound can reliably be detected over propagation
ranges of several thousand miles. Secondly, the programme has been severely disrupted, and actually
stopped on several occasions, because of misguided concerns over the impact of the sound sources on
marine mammal s brought about by misunderstanding of the nature of underwater sound. It is because
such political lobbying can be so effective, even when founded on false beliefs, that proper
environmental impact assessment is essential.
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Fig.2 A measured pulse from a 3252km transmission (upper) and ray
simulation calculations with (blue dots) and without (red) internal
waves (lower) (from Colosi, 'A intillating Problem: Basin Scale
Acoustic Propagation’).

2 Signal Processing and Analysis

Another major theme of the conference was signal processing. This covered theories, models and
experiments relating to the processing capabilities of various marine mammals and digital signal
processing and analysis algorithms targeted on bio-like signals.

The first of these papers was by Laurie Linnett of Fortkey Ltd., Edinburgh. Thiswas primarily about an
extension to Fourier theory that decomposed a signal into a series of chirps each with its own different
values for parameters such as amplitude, start time, start frequency and frequency rate. Thisis a useful
analysistool for transient signals, akin to the Fourier transform for stationary signals. In addition, itisa
neat way of dealing with asignal contaminated with reverberation or multiple reflections allowing each
reflected signal to beisolated and removed from the data.

Other signal analysis papers were presented by Gianni Pavan of University of Pavia, Italy, on areal
time Windows based Digital Signal Processing Workstation (DSPW) targeted at biological signals, and
Daryl Newborough of Loughborough University who described an Electronic Click Detection (ECD)
system. The approach treats dolphin echolocation clicks as combined amplitude and frequency



modulated signals, and the developed circuit board acts as a demodulator giving the waveform
envelope as an output that is easily handled by conventional audio recording and reproduction
equipment.

Severa papers describing the results of experiments on the signal processing performance of dolphins
and porpoises were given by authors from former Soviet countries and from Isragl. These covered
target classification, determination of range, velocity and acceleration of moving targets, discrimination
between dlightly different clicks and temporal resolution. As always, the experiments demonstrated that
the animals capabilitiesin all these areas were superior to anything achieved to date with man-made
sonars, although, contrary to the dlightly confused musings of the biologists involved, nothing was
demonstrated that exceeded the limitations of conventional communication theory. The principal
authorsin this areawere Genadi Zaslavskiy from the Israeli University Authority for Applied Research
and Tengiz Zorikov of the Georgian Academy of Science.

Fig.3 Fourier Extension Images of the real (left), and analytic (right) signals (from
Linnett et al, 'Analysis of Linear Chirp Sgnals).

3 Target Localisation and Tracking

Angular discrimination of less than a degree and temporal resolution of about ten microseconds have
repeatedly been demonstrated for dolphins, killer whales and porpoises, despite the fact that their
echolocation clicks are typically 100 microseconds long and receiving beamwidths are in the order of
ten degrees. In addition, these animals are known to be able to track and home in on asingletarget ina
closely spaced mass of superficially similar targets.

As suggested above, most biologists working in the field regard these capabilities as black magic
because they fail to understand the physics. However, the paper by Peter Dobbins of BAE SYSTEMS
on localisation and one by Prof. Bryan Woodward of Loughborough University both show that such
performance is quite feasible with the hardware and processing capabilities these animals are known to
posses. The misunderstanding about angular localisation arises because of afailure to comprehend the
meaning of the term resolution, and it is generally not understood that the reason why man-made



systems cannot compete isin part at least a matter of technology - we have not yet managed to make
underwater acoustic transducers that operate in the required frequency range with adequate bandwidth.
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Fig.4 Comparison between synthesised and recorded waveforms for the Harbour
Porpoise (from Goodson et al, "Harbour Porpoise Echolocation Sgnal Components).

4 Sound Reception and Transmission Models

The last main topic of the conference was about the way various animals (specifically dolphins,
porpoises and the sperm whale) transmit and receive sound. There is general agreement about the main
principles of the way sounds are generated, although much argument about the details. The jury is still
out, however, on reception mechanisms.

Transmission (for echolocation - audible communication sounds are produced in much the same way as
in land-based mammals) is generally thought to originate from "lips" connected to the blow-hole which
initiate impulses in the same way as blowing a "raspberry"”. In most species there are two sets of lips,
and their operation is synchronised, although the way this worksis a subject for debate. By varying the
phase between the two sets of lips, the spectrum of the transmitted signal can be modified.

The impulse from the lipsis coupled into alens or waveguide forming the bulbous forehead in most
species - and most of the head in the sperm whale. From here it emerges into the water, usually asa



plane wave with very well controlled directivity, and potentialy at levels close to the cavitation limit.
Ted Cranford presented a remarkable animation of all this happening in a sperm whale, athough the
bulk of histalk was about dolphins.

Reception is now generally acknowledged to involve the jaws, although there are still some biologists
refusing to understand the acoustics. The main discussion is about whether sound is coupled through
the jawbone into the inner ear, or whether the teeth actually act as transducers and pass signals viathe
mandibular nerves to the central nervous system.

The papers presented here did not throw much new light on the argument, except that John Potter and
Elizabeth Taylor did identify brainstem cell groupsin the auditory cortex potentially capable of
generating appropriate time delays to correctly phase dental nerve signalsto create an endfire
beamformer.

ONRIFO SPONSORED PARTICIPANTS

Summary of participantsfunded by ONRIFO.

Title/ Name Institution / Agency Country
Dr M Amundin Kilmarden Zoo Sweden
Mr SVargas Los Andes University Colombia
Dr T Zorikov Georgian Academy of Sciencies Georgia

SCIENTIFIC, STEERING AND ORGANIZING COMMITTEE

Scientific Steering and Organizing Committee M embers.

Title/ Name Institution / Agency Country
Peter Dobbins BAE SYSTEMS UK
David Goodson Loughborough University UK

Nick Langhorne ONRIFO USA
Gary Hedld DERA (now QinetiQ) UK

Ed Harland DERA (now QinetiQ) UK

SPONSOR INFORMATION

List of all conference sponsors.

Agency Country

Institute of Acoustics UK

Office of Naval Research International Field Office United States




PROCEEDINGS

Proceedings of the Institute of Acoustics, Volume 23 Part 4, 2001

ISSN 0309 - 8117, ISBN 1-901656-37-3

Obtainable from:

Institute of Acoustics, 77A St Peter's Street, St Albans, Herts, AL! 3BN, UK
Tel +44 (0)1727 848195 Fax +44 (0)1727 850553 email ioa@ioa.org.uk

SCIENTIFIC PROGRAM

2nd I0OA Symposium on Underwater Bio-Sonar Systems and Bioacoustics
List of Papers

Session 1: Keynote
1 THEENVIRONMENTAL IMPACT OF UNDERWATER SOUND
A.D. Heathershaw, P.D. Ward, A.M. David, DERA, Southampton, UK

Session 2: Auditory Sensitivity and Sound Production in Fish

2 DETECTION ANALYSISAND DISCRIMINATION OF UNDERWATER SOUNDS
PRODUCED BY MARINE FISH
A. Hawkins « FRS Marine Laboratory, UK

3 A NON-INVASIVE ELECTROPHY SIOLOGICAL STUDY ON THE ENHANCEMENT OF
HEARING ABILITY IN FISHES.
H.Y. Yan, University of Kentucky, USA

4  THE EFFECTS OF UNDERWATER NOISE ON AUDITORY SENSITIVITY OF FISH.
A.R. Scholik and H.Y.Y an « University of Kentucky, USA

Session 3: AB Wood Medal Presentation & Lecture

5 A SCINTILLATING PROBLEM: BASIN SCALE ACOUSTIC PROPAGATION THROUGH A
FLUCTUATING OCEAN.
J. Colosi * Woods Hole Oceanographic Institution, USA

Session 4: Signal Analysis (Part 1)

6 THE ANALY SIS OF SIGNALS CONTAINING MIXTURES OF LINEAR CHIRPS.
L.M. Linnett', S. Morrison®, P. Nicholson?s *Fortkey Ltd., Scotland, 2De Beers Marine, South
Africa

Session 5: Invited Speaker

7 THE ONR ESME RESEARCH PROGRAMME: ADVANCES IN THE MODELLING OF
NOISE IMPACTS.
R.C. Gisinere ONR, USA

Session 6: Dolphin Signal Processing
8 SIGNAL PROCESSING BY THE BOTTLENOSE DOLPHIN’'S SONAR: EXPERIMENTS
AND MODELLING



10

11

12

13

14

15

16

17

18

19

20

21

T.V. Zorikov', N.A. Dubrovsky?, and N.J. Beckauri® « 'Georgian Academy of Science, Georgia,

“N.N. Andreev Acoustics Institute, Russia
TARGET CLASSIFICATION IN THE DOLPHIN
G. Zaslavskiy', V. Ryabov? « 'University Authority for Applied Research, Israel, ?Institute of
Biology of the Southern Seas, Ukraine

THE ECHOLOCATION MEASUREMENT OF VELOCITY AND ACCELERATION OF
MOVING TARGET BY BLACK SEA DOLPHIN (TURSIOPS TRUNCATUS)

K.A. Zaitseva, V.I. Korolev, A.V. Akhi « RAS, Saint-Petersburg , Russia

RANGING OF THE MOVING TARGET BY THE BLACK SEA DOLPHIN TURSIOPS
TRUNCATUS

A.l. Akopian® and M.P. lvanov? « 1. M. Sechenov Institute of Physiology and Biochemistry,
Russia, 2St. Petersburg State University, Russia

CLICK DISCRIMINATION IN THE DOLPHIN

G. Zadavskiy « University Authority for Applied Research, Israel

Session 7: Discussion Paper
CROSS-DISCIPLINARY INFORMATION RESEARCH: A CASE IN BIO-ACOUSTICS
Ling Hwey Jeng and Hong Y oung Y an « University of Kentucky, USA

Session 8: Small Odontocete Sound Reception and Transmisson Models

ON NOVEL RECEPTION MODELS FOR BOTTLENOSE DOLPHIN ECHOLOCATION
J.R. Potter!, E.A. Taylor? » *Acoustic Research Laboratory, Singapore, “Marine Mammal
Research Laboratory, Singapore

THE ULTRASONIC RECEIVING SYSTEM OF A PACIFIC WHITE-SIDED DOLPHIN:
MULTI-INPUT/TWO-OUTPUT SYSTEM

S. Takagi', A. Takemura?, T. Koido?, K. Yoshizumi® « *Mitsubishi Heavy Industries, Japan,
*Nagasaki University, Japan

MODELLING DOLPHIN ECHOLOCATION RECEPTION

P.F. Dobbins« BAE SYSTEMS, Filton, UK

PHASE AND AMPLITUDE CHANGES IN ECHOLOCATION SIGNALS FROM THE
HARBOUR PORPOISE.

A.D. Goodson, O. Faroog and S. Datta ¢ Loughborough University, UK

Session 9: Invited Speaker
TWO INDEPENDENT SONAR GENERATORS IN THE BOTTLENOSE

DOLPHIN:IMPLICATIONS OF MORPHOLOGICAL AND PHY SIOLOGICAL EVIDENCE

Ted W Cranford ¢ San Diego State University, USA

Session 10: Acoustic Localisation

TEMPORAL ORDER DISCRIMINATION IN THE DOLPHIN

G. Zaslavskiy * University Authority for Applied Research, Israel

IS REEF-GENERATED SOUND A NAVIGATION CUE FOR SETTLEMENT STAGE
CORAL REEF FISH?

S.D. Simpson « University of York, UK

A PROGRAM TO SIMULATE THE PASSIVE TRACKING OF IMPULSIVE UNDERWATER

SOUND SOURCES



B. Woodward and N. Morphett « University of Loughborough, UK

Session 11: Signal Analysis (Part 2)

22 THE CHARACTERISATION OF BIO-ACOUSTIC SIGNALS THROUGH TIME-
FREQUENCY METHODS
P. White « ISVR, University of Southampton, UK

23 SOFTWARE AND HARDWARE SOUND ANALYSISTOOLS FOR FIELD WORK
G. Pavan™?, M. Manghi®, C. Fossati'e *Universitadi Pavia, Italy, “Dept. of Urban Science,
Venice, Italy

Session 12: Data Capture

24 AUTOMATIC DETECTORS FOR THE ECHOLOCATION PULSES OF SMALL
ODONTOCETES
E.J. Harland « DERA, Winfrith, UK

25 THE NEW GENERATION OF ELECTRONIC CLICK DETECTOR (ECD): THE
DEVELOPMENT AND FIELD TRIALS PROGRAMME
D. Newborough, C. Blomgvist, P.A. Lwpper and A.D. Goodson ¢ Loughborough University, UK

COUNTRIES REPRESENTED AND NUMBER OF PARTICIPANTS

List of countries participating.

Country (total = 11) Number of Participants
(total = 38)

Colombia

Georgia

Germany

|srael

Italy

Japan

Russia

RIN|R[(R(R|R|R|-

Sweden

UK

N
=

USA

(o]

Singapore

N

LIST OF PARTICIPANTSAND CONTACT INFORMATION

Dr M Amundin

Department of Research and Education, Kilmarden Zoo, Kilmarden 61892, Sweden

E: mats.amundin@kolmarden-zoo.se




Dr JA Colos

Woods Hole Oceanographic Inst, Mail Stop 11, Woods Hole, MA 02543, USA
T: 508-289-2317

F. 508-457-2194

E: jcolosi@whoi.edu

Dr T Cranford
7050 Arilli Street, San Diego, CA 92111, USA
E: tcranfor@mail .sdsu.edu

Dr S Datta
Dept. Electronic and Electrical Eng, Loughborough University, Loughborough, Leicestershire, LE11
3TU, UK

Dr P F Dobbins

BAE SYSTEMS, PO Box 5, Filton, Bristol, BS12 7QW, UK
T: +44(0)117 918 8056

F: +44(0)117 918 8400

E: peter.dobbins@baesystems.com

Mr JR Dunn

77 Howard Road, Olton, Solihull, West Midlands, B92 7LE, UK
T: 0121 7074587

E: 100111.3610@compuserve.com

Mr O Farooq
Dept. Electronic and Electrical Eng, Loughborough University, Loughborough, Leicestershire, LE11
3TU, UK

Dr A JFenwick
DERA, Winfrith Technology Centre, Dorchester, Dorset, DT2 8XJ, UK

Dr RC Gisiner

Department of the Navy, Office of Naval Research, 800 North Quincy Street, Arlington, VA 22217-
5660, USA

T: (703) 696-2085

F: (703) 696-1212

E: gisiner@onr.navy.mil

Mr D Goodson

Dept. Electronic and Electrical Eng, Loughborough University, Loughborough, Leicestershire, LE11
3TU, UK

T: 01509 222846

F: 01509 222854

E: A.D.Goodson@lboro.ac.uk



Prof A D Hawkins

Fisheries Research Services, FRS Marine Laboratory, PO Box 101, Victoria Road, Aberdeen, AB11
9DB, SCOTLAND

T: 44 (0) 1224 295393

F: 44 (0) 1224 295413

E: hawkinsad@marlab.ac.uk

Mr M D Hayes

Hayes McKenzie Partnership, Lodge Park, Tre'r-ddol, Machynlleth, Powys, SY 20 8PL, WALES
T: +44(0)1654 781400

F: +44(0)1654 781410

E: 100547.245@compuserve.com

Dr G Heald

DERA, Winfrith Technology Centre, Dorchester, Dorset, DT2 8XJ, UK
T: 01305 212139

F: 01305 212116

E: GJHea d@DERA .gov.uk

Mr M P lvanov

St Petersburg State University, AA Ukhtomsky Inst of Physiology, Universitetskgjaemb 7/9, St
Petersburg, Russia

E: ivanov@hg.bio.lgu.spb.su

Dr L H Jeng

University of Kentucky, School of Library and Info. Science, 502 King Library S., Lexington, KY
40506-0039, USA

E: LHIENGOO@pop.uky.edu

Mr T Johansson
ISVR, University of Southampton, Highfield, Southampton, SO17 1BJ, UK

Mr V Kashinov
St Petersburg State University, AA Ukhtomsky Inst of Physiology, Universitetskgjaemb 7/9, St
Petersburg, RUSSIA

Mr G Kerry

University of Salford, School of Acoustics and Elect. Eng., Brindley Building, Saford, M5 4WT, UK
T: 0161 295 5000

F: 0160 295 5427

E: g.kerry@acoustics.saford.ac.uk

Mr K Korolenko
US Office of Naval Research, 223 Old Marylebone Road, London, NW1 5TH, UK



Mr N Langhorne

US Office of Naval Research, 223 Old Marylebone Road, London, NW1 5TH, UK
T: 020 7514 4969

F: 020 7723 6359

E: nlanghorne@onrifo.navy.mil

Dr L Linnett

Fortkey Ltd, Speedwell House, Dirleton, East Lothian, EH39 5DZ, SCOTLAND
T: 01875 408041

E: laurielinnett@btinternet.com

Mr D Newborough

Dept. Electronic and Electrical Eng, Loughborough University, Loughborough, Leicestershire, LE11
3TU, UK

E: d.newborough@lboro.ac.uk

Mr G Pavan
Centro Interdisciplinare di Bioacustica, Universite de Pavia, Via Taramelli 24, Pavia 27100, ITALY
E: gpavan@cibra.unipv.it

Mr J R Potter
Acoustic Research Laboratory, TMSI, NUS, 14 Kent Ridge Road, Singapore 119223,
E: johnp@arl.nus.edu.sg

Ms A R Scholik

University of Kentucky, School of Biological Sciences, 101th Morgan Building, Lexington, Kentucky
40506, USA

E: aschol@pop.uky.edu

Mr SD Simpson

University of York, Marine Biology, 43 Upper Newborough Street, Y ork, YO39 7AR, UK
T: +44 (0)1904 632768

E: sds108@york.ac.uk

Dr K J Stepputat
Federal Armed Forces Underwater, Acoustics and Marine Geophysics, Klausdorfer Weg 2024, 24148
Kid, GERMANY

Mr S Takagi
Mitsubishi Heavy Industries Ltd, 5-717-1 Fukahori-Machi, Nagasaki, 851-0392, JAPAN
E: takagi @ngsrdc.mhi.co.jp

Dr E Taylor

National University of Singapore, Tropical Marine Science Insitute, 14 Kent Ridge Road, Singapore
119223,

E: etaylor@pacific.net.sg



Mr SVargas
Los Andes University, Bogota, Colombia
E: santilingo@yahoo.com

Dr G Vedla
University of Liverpool, UK

Mr T Ward
DERA, Southampton Oceanography Centre, Southampton, SO14 3ZH, UK

Mr P White
ISVR, University of Southampton, Highfield, Southampton, SO17 1BJ, UK
E: prw@isvr.soton.ac.uk

Mr M Wood
Fisheries Research Services, FRS Marine Laboratory, PO Box 101, Victoria Road, Aberdeen, AB11
9DB, SCOTLAND

Prof B Woodward
Electronic and Electrical Engineering, Loughborough University, Leicestershire, LE11 3TU, UK
E: b.woodward@lboro.ac.uk

DrHY Yan

University of Kentucky, School of Biological Sciences, 101 Morgah BLDG, Lexington, KY 40506-
0225, USA

E: hyyan00@pop.uky.edu

Mr G Zadlavskiy
University Authority for Applied Research, Ramot, Tel-Aviv, ISRAEL
E: gandhi_z@netvision.net.il

Mr T Zorikov
Institute of Cybernetics, Georgian Academy of Sciencies, No. 5 S Euli, Thilis 380086, GEORGIA
E: zorikov@hotmail.com



